L ean body mass (LBM) is a commonly used nutritional index in patients receiving continuous ambulatory peritoneal dialysis (CAPD). Nevertheless, the optimal method for determining LBM remains debatable.
The creatinine kinetics method is recommended in the Dialysis Outcomes Quality Initiative (DOQI) guidelines published by the National Kidney Foundation (NKF) of the United States (1). However, this method has several disadvantages. First, the rate of creatinine generation is affected by dietary meat intake and residual renal function (2, 3) . Second, there is a substantial mathematical coupling between weekly creatinine clearance (an index of dialysis adequacy) and LBM calculated by the creatinine kinetics method, because both are measured and calculated from the same 24-hour urine and dialysate collection. Furthermore, the relationship between LBM and other nutritional parameters has previously been addressed only in small-scale studies (4, 5) .
The anthropometric method represents an attractive alternative for LBM determination (6) . The method is simple, inexpensive, easy to learn, not affected by dietary meat intake, and free from mathematical coupling with dialysis adequacy indices. However, only a few small-scale studies have been conducted to test the validity of anthropometric measurements in peritoneal dialysis patients (7, 8) . Furthermore, this method has not been examined in Chinese patients, whose body composition is likely to differ from that of patients in Western populations.
In the present study, we report a cross-sectional investigation conducted on a large group of Chinese CAPD patients. We compared the creatinine kinetics method and the anthropometric method for LBM determination in these patients, and we studied the role of LBM as a nutritional index. 
PATIENTS AND METHODS

PATIENT SELECTION
We studied 151 unselected CAPD patients. The baseline data taken included age, sex, underlying renal disease, presence of diabetes, hepatitis B status, need for a helper for the dialysis procedure, CAPD regimen, and duration on dialysis. A detailed nutritional assessment was performed for each patient. A full complement of biochemical parameters was also scrutinized, including hemoglobin, serum albumin, and transferrin levels. Serum albumin level was measured by the bromcresol purple method.
LEAN BODY MASS
Lean body mass (LBM) was measured by the creatinine kinetics method and the anthropometric method within an interval of one week. Dialysate and urine collections for a 24-hour period were obtained. Total and peritoneal Kt/V and weekly creatinine clearance were determined by standard methods as recommended by the NKF (1). Residual glomerular filtration rate (GFR) was calculated as the average of the 24-hour urinary urea and creatinine clearances as described by Nolph and colleagues (9) . Lean body mass in kilograms by the creatinine kinetics method (LBM-CK) was calculated according to the formula described by Forbes and Bruining (10):
where CE is creatinine excretion in milligrams per day and CD is creatinine degradation in milligrams per day. Creatinine excretion and degradation were calculated using the formulas:
where UCO is the urinary creatinine output in micromoles per day, DCO is the dialysate creatinine output in micromoles per day, and PC is the plasma creatinine in micromoles per liter.
Anthropometric measurements were taken in millimeters by two trained observers using standard skin-fold calipers. The observers were blinded from the results obtained by applying the creatinine kinetics formula. Measurements included biceps, triceps, subscapular, and supra-iliac skin-fold thickness. For each site, each observer obtained three readings, the average value of which was used for further calculations. Lean body mass in kilograms by the anthropometric method (LBM-AM) was computed using standard formulas (11) Both LBM-CK and LBM-AM were normalized to desired body weight and subsequently represented as %LBM-CK and %LBM-AM in comparisons with other nutritional indices.
Desired body weight in kilograms was determined according to sex and to height in meters, using the standard formula validated in Southern Chinese (12) 
OTHER NUTRITIONAL INDICES
Two observers performed subjective global assessment (SGA). The 4-item system proposed by Enia et al (13) was used. The 4 items assessed were change in body weight, degree of anorexia, amount of subcutaneous tissue, and muscle mass. The 7-point scale for each item was patterned after that used in the CANUSA study (14) . The individual item scores were combined to generate a global score, which also took into account the clinical judgment of the observers and thus did not represent a simple arithmetic aggregate of the individual item scores.
Protein nitrogen appearance (PNA) in grams per day was calculated by the Randerson equation (15) 
STATISTICS
Analyses were performed using the software package SYSTAT 7.0 for Windows (SPSS Inc., Chicago, IL, U.S.A.). All data are expressed as mean ± standard deviation (SD), unless otherwise specified.
The LBM-CK and LBM-AM were compared by the Bland and Altman method (17) . In that method, the differences between the two methods of LBM determination (denoted as ΔLBM) were plotted against the corresponding average LBM values.
The Pearson correlation coefficient and Kendall τ correlation test were used to compare LBM with other nutritional indices. Because men and women had different LBM values, the gender groups were analyzed separately.
A p value of less than 0.05 was taken as statistically significant. All probabilities were two-tailed and corrected by the Bonferroni method for multiple comparisons. Table 1 summarizes the demographic and baseline clinical characteristics of the patients. The mean duration of dialysis was 33.6 ± 28.5 months (range: 1 -147 months). The mean daily exchange volume was 6.7 ± 1.1 L: 108 patients (71.5%) used 6 L per day, 37 patients (24.5%) used 8 L per day, and 6 patients (4.0%) used 10 L per day. The average LBM-AM was 49.3 ± 5.9 kg for males and 37.6 ± 5.1 kg for females. The average LBM-CK was 35.7 ± 10.3 kg for males and 30.1 ± 7.2 kg for females. Table 2 summarizes dialysis adequacy and nutritional parameters (categorized by SGA score).
R E S U L T S
RELATIONSHIP BETWEEN LBM-AM AND LBM-CK
The correlation between LBM-AM and LBM-CK was fair (Figure 1) , with a Pearson r = 0.562 (p < 0.001). The LBM-AM was then compared to the LBM-CK by the Bland and Altman method (Figure 2 ). The bias of LBM-AM, when compared to LBM-CK, was 10.7 kg, with LBM-AM always giving the higher value. The limits of agreement were -5.8 kg and 27.1 kg.
The differences between the two methods of LBM determination are denoted as ΔLBM. A significant correlation was seen between ΔLBM and residual GFR (Pearson r = 0.629, p < 0.001). The LBM-AM was considerably higher than the LBM-CK for patients with residual GFR ≥ 1 mL/min (Figure 2 , closed circles). However, the results also showed a tendency for LBM-AM to be higher than LBM-CK even in patients with residual GFR < 1 mL/min (Figure 2 , open circles). When anuric patients were analyzed alone, the bias was 6.6 kg, and the limits of agreement were -5.6 kg and 18.7 kg.
RELATIONSHIP BETWEEN LBM AND OTHER NUTRITIONAL INDICES
Neither %LBM-AM nor %LBM-CK correlated with the overall SGA score (Figure 3) . The SGA score for subcutaneous tissue was inversely correlated with %LBM-AM [Kendall τ = -0.286 (males) and -0.445 (females), p < 0.01 in both cases], but not with %LBM-CK [Kendall τ = -0.109 (males) and -0.129 (females), p = nonsignificant (NS) in both cases). The SGA score for muscle mass failed to correlate with %LBM-AM or %LBM-CK in either sex (data not shown). In general, %LBM-AM and %LBM-CK were poorly correlated with nPNA and serum albumin level (Table 3) , although %LBM-AM was modestly correlated with serum albumin level in both sexes. Neither %LBM-AM nor %LBM-CK was correlated with hemoglobin or transferrin levels (data not shown).
DISCUSSION
In this cross-sectional study, we examined a large group of unselected Chinese CAPD patients. We found substantial discrepancies between lean body mass as determined by the creatinine kinetics method and the anthropometric method. Furthermore, the correlations of lean body mass with other nutritional indicesincluding subjective global assessment, protein nitrogen appearance, and serum albumin level-were poor.
In the present study, we did not include a "gold standard" for determination of lean body mass [for example, antipyrine distribution volume (8)]. Neither LBM-AM nor LBM-CK can be regarded as absolutely reliable. However, the DOQI guidelines recommend the use of the creatinine kinetics method (1) because previous studies suggested that LBM-CK was unaffected by the fluid status of the patient (7). Our previous study of Chinese CAPD patients (18) also showed that LBM-CK was an independent predictor of patient mortality and hospitalization. Therefore, LBM-CK should be the preferred method for use in clinical practice. However, it is important to note that creatinine generation rate is affected to a large extent by dietary meat intake as well as by body muscle mass (2, 19) . Therefore, the use of the creatinine kinetics method will possibly lead to underestimation of lean body mass in Chinese subjects, a population that has a low dietary meat intake. (Although the subjects of the present study had an average nPNA of 0.94 g/kg/day, which is not much lower than that of a Western population, a substantial part of the protein intake came from vegetables and would not have affected creatinine generation.) On the other hand, the prevalence of obesity is much lower in Chinese dialysis patients than in Caucasian patients (20) , and the determination of lean body mass by the Durnin and Rahaman formula, which was derived from anthropometric measurements in British adults, might not be applicable. Neither method has been validated in a Chinese dialysis population.
We found that substantial discrepancies exist between LBM-AM and LBM-CK, especially in patients with significant residual renal function. The LBM-CK almost always gives a lower value (Figure 2 ). The use of the creatinine generation method has been associated with systematic underestimation of LBM when compared to the "gold standard" of total body potassium (2). Our observation was consistent with the results of previous studies, which showed that CAPD patients with little residual renal function persistently excrete more creatinine than predicted (3). With progressive decline in residual renal function, a corresponding change in body creatinine metabolism has been postulated (21) , meaning that LBM-CK might be an unreliable method in patients with significant residual renal function. Our study suggests that the equation for LBM estimation using creatinine kinetics fails to yield similar results at varying degrees of residual renal function. The optimal method for determining lean body mass remains unknown in this situation.
In the present study, LBM-AM and LBM-CK were poorly correlated with other nutritional indices. This observation is intriguing; it contradicts earlier reports (22) (23) (24) . The discrepancy in nutritional indices may be specific to our ethnic group. Nevertheless, our result would hardly be surprising if we were to conceptualize nutritional status as a multidimensional variable. Although subjective global assessment reflects overall nutritional status, parameters such as lean body mass and protein nitrogen appearance would be more representative of the somatic protein pool and the dietary protein intake, respectively. On the other hand, serum albumin level is now considered to be more a marker of systemic inflammation than of nutrition (25, 26) . To find only modest correlations between many of the nutritional indices in our current study is therefore not surprising. Our findings highlight the importance of using multiple markers for assessment of the various aspects of nutritional status.
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